Free-space optical (laser) communication has now transcended the technology maturation phase to the point of terrestrial and Earth-orbiting satellite links now being deployed operationally. The multitude of successful technology demonstrations since 1995 have led to the understanding that freespace laser communications can be reliably operated in certain short-range to long-range backhaul communications. It is a powerful tool in the telecom technology tool box, and by no means a technology that makes previous telecom technologies obsolete.
The primary benefit of laser communication arises from the narrow beam divergence of the laser, as related to its multi-THz frequencies. These benefits can be applied to substantially increase communications capacity by delivering one-to-three orders of magnitude higher data rate for approximately the same mass and power consumption of conventional long-range telecom links. Typical transmit/receive (telescope) aperture diameters are a fraction of those of antennas for lower-frequency communications systems.
Currently, the unregulated optical spectrum provides another major benefit over highly-to-lightly regulated radio frequency (RF), microwave, and millimeter-wave frequencies. Building-to-building free-space optical links are now commonplace worldwide. The European Space Agency (ESA) is now making operational use of the commercially available transceivers from Tesat Spacecom in low-earth-orbit to high-earthorbit links. Sub-Gbps links have been demonstrated from the moon orbit, and deep-space laser communications technology demonstrations have been planned by both NASA and ESA. Underwater optical communication is also gaining in popularity. Remarkably, traditional government funding for laser communications research has been substantially augmented by the high-technology entities who seek to apply this technology to providing connectivity to the remaining 3 billion or so population of the world who have either no access or very poor access to the Internet.
This special section of Optical Engineering comprises fourteen papers that cover developments in different aspects of optical communications technology, providing insight into current areas of research. The fourteen papers (out of twentytwo submitted) fall into four general categories: components, channel characterization, architecture/modeling/analysis, and satellite links. Hamid Hemmati, PhD, is the director of engineering for telecom infrastructure at Facebook, Inc. Prior to that he was with the Jet Propulsion Laboratory (JPL), California Institute of Technology for 28 years as principal member of staff and the supervisor of the optical communications group. Previous to joining JPL in 1986, he was a researcher at NASA's Goddard Space Flight Center and at NIST. He has published over 200 journal and conference papers and nine patents. He is the editor and author of two books: Deep Space Optical Communications and Near-Earth Laser Communications, and author of five other book chapters. In 2011 he received NASA's Exceptional Service Medal. He has also received 3 NASA Space Act Board Awards, and 36 NASA certificates of appreciation. He is a Fellow member of The Optical Society and SPIE. His research interests are in providing global Internet connectivity, and greatly advancing laser and millimeter-wave communications technologies for terrestrial, airborne, and spacecraft applications.
